We present high-speed photometry covering one eclipse of the cataclysmic variable system 1RXS J180834.7+101041. The data are modelled as arising from a close binary system containing a low-mass stars filling its Roche lobe plus a white dwarf with an accretion disc. We find an orbital inclination of 77.07 ± 0.47 degrees and a mass ratio of 0.168 ± 0.016. The relatively low inclination means that only the accretion disc and not the white dwarf are eclipsed by the low-mass star in this system.
Introduction
The ROSAT satellite detected a source of X-ray radiation which appears in the Bright Source Catalogue 1 under the name 1RXS J180834.7+101041 (hereafter J1808+1010 . Their 11 phase-resolved low-resolution spectra showed strong hydrogen Balmer line emission and weaker helium line emission, which is a common characteristic of cataclysmic variables (hereafter CVs). The Balmer emission lines are clearly double-peaked, which is an indicator of a high orbital inclination. Bikmaev & Sakhibullin also presented an rband light curve covering 2.1 hr at a time resolution of 25 s, which showed a single sharp eclipse event of depth 0.8 mag and total duration 8.6 min. From their observations these authors confirmed that J1808+1010 is a CV, but favoured the SU UMa (non-magnetic) subtype of these objects.
CVs are a class of interacting binary star system which display a huge diversity of physical phenomena. The majority of them are composed of a white dwarf and a lowmass and unevolved secondary star, plus an accretion disc through which material passes from the secondary star to the white dwarf. This accretion disc often totally dominates the light of the system, so the only readily observable physical property of most CVs is its orbital period 5, 6 . The importance of eclipsing CVs lies in the information which can be extracted from them: detailed modelling of their eclipses allows one to obtain the basic physical properties of the system, including the masses and radii of the stellar components 7, 8 . Such information is valuable in understanding the evolution of CVs, and of other classes of interacting binary system, so we decided to obtain high-speed photometry of J1808+1010 to assess its usefulness for detailed study.
Observations
We observed J1808+1010 at the end of the night of 2009 February 16, starting at UT 05:56 and ending at 07:12. We used the Auxiliary Port focal station of the 4.2m William Herschel Telescope, operated by the Isaac Newton Group on the island of La Palma. A total of 555 observations were obtained through a V filter. The detector was a 2148×4200 pixel EEV CCD, windowed down to (2000 px) 2 and binned 4×4 to minimise the readout time. With an exposure time of 4 s, we achieved a cadence of 9 s. The data were reduced following standard procedures and using a pipeline written in idl 9,10 . Our data are plotted in Fig. 1 , and cover one eclipse of depth 0.9 mag and duration 6.5 min. The variation in eclipse depth and duration compared to previous studies can be attributed to changes in the accretion disc size and structure 11 . The outsideeclipse magnitude was V ≈ 18, and the system was gradually increasing in brightness throughout our observing sequence. This puts it towards the faint end of the magnitude interval within which J1808+1010 has been seen, but this must be interpreted with caution due to the range of passbands used in previous observations. The substantial brightness variations outside eclipse are due to the phenomenon of flickering, which is caused by the stochastic nature of the mass transfer rate onto the accretion disc or white dwarf 12 .
Analysis
A model was fitted to the light curve using the lcurve code written by T. R. Marsh. This code models a CV as four components: the white dwarf, the secondary star, an accretion disc surrounding the white dwarf, and bright spot where the mass transfer stream intersects with the edge of the accretion disc. A detailed description of lcurve can be found in Copperwheat et al. (ref. 13) . For optimisation of the parameters of the model we used the Nelder-Mead downhill simplex 14 , Levenberg-Marquardt 14 and Markov Chain Monte Carlo methods. lcurve includes a large number of parameters which are needed to represent the eclipses of CVs observed with very high precision and time resolution 13 . Our data are not of this quality so these parameters were fixed at values which we have found to be physically appropriate in detailed modelling of other eclipsing systems 13,15−18 . In our analysis we found that only part of the accretion disc of J1808+1010 is eclipsed; the white dwarf is not eclipsed at any point in the orbit. This means that the eclipse shape is rather uninformative, and allows us only to constrain the orbital inclination (i = 77.07 ± 0.47 degrees), the ratio of the mass of the secondary star to that of the white dwarf (q = 0.168 ± 0.016), and the midpoint of the eclipse (HJD[UTC] 2454879.27851 ± 0.00006). The best fit (Fig. 2) accurately reproduces the data for most of the eclipse but does not fit the egress of the bright spot well. An improvement in this situation would require similar observations of a larger number of eclipses in order to allow the flickering to be averaged out.
If the white dwarf were eclipsed, the times and durations of the partial phases of the eclipse would allow the radius of the white dwarf to be determined, and therefore the mass and radius of both the white dwarf and secondary star by the imposition of a theoretical mass-radius relation for white dwarfs 7, 8 . In the case of J1808+1010 we are unable to obtain these constraints, which means it is not well suited to detailed eclipse modelling analyses.
Summary and conclusions
1RXS J180834.7+101041 is a cataclysmic variable which is known to be eclipsing with a period of 100.85 minutes. We obtained high-cadence photometry of one eclipse event, finding that the accretion disc is eclipsed but that the white dwarf is not. We have fitted a parametric model to the light curve, and measured the orbital inclination (i = 77.07 ± 0.47 degrees) and mass ratio (q = 0.168 ± 0.016) of the system. Because the white dwarf is not eclipsed we are unable to obtain additional constraints from our data; we find that J1808+1010 is not a promising system for the study of eclipses in CVs.
Whilst the current paper was in preparation we became aware of an independent study of J1808+1010 by Yakin et al. (ref. 19) which presents photometry and spectroscopy of this system. Our light curve is of substantially better time resolution, and the orbital inclination and mass ratio we find are in agreement with (but more precise than) the values they obtain: i = 78 ± 1.5 degrees and q = 0.18 ± 0.05. Yakin et al. also find that J1808+1010 has an asymmetric brightness distribution in its accretion disc (see ref. 20 for an extreme example of this phenomenon). From their observations and from some simple relations Yakin et al. infer the masses of the two stars to be 0.8 ± 0.22 and 0.14 ± 0.02 M ⊙ for the white dwarf and secondary component, respectively.
